(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(H) EP 1 126 666 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

22.08.2001 Bulletin 2001/34 

(21) Application number: 01102739.8 

(22) Date of filing: 07.02.2001 



(51) Int CI 7: H04L 12/56 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Kawasaki, Takeshi 


MCNLPTSETR 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 


Designated Extension States: 


• Soumiya, Toshio 


AL LT LV MK RO SI 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 




• Nakamichi, Koji 


(30) Priority: 16.02.2000 JP 2000037937 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 


(71) Applicant: FUJITSU LIMITED 


(74) Representative: HOFFMANN - EITLE 


Kawasaki-shi, Kanagawa 211-8588 (JP) 


Patent- und Rechtsanwalte 




Arabellastrasse 4 




81925 Munchen (DE) 



(54) A packet flow control apparatus and a method for controlling the same 



(57) A packet flow control apparatus performing flow 
control of packets each having variable length, includes: 
a buffer memory (1) for temporarily accumulating ar- 
rived packets until a sending time of each packet; a 
counter updated based on a rate determined in accord- 
ance with a packet length calculated by a counter value 
of the counter and limited flow of packets; a sending time 



determining section (2) for determining the sending time 
of each packet based on the counter value and a present 
time; and a sending order control section (3) for manag- 
ing a sending order of each packet accumulated in the 
buffer memory, and for sending a read instruction of 
each packet to the buffer memory, based on the sending 
time determined by the sending time determining sec- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

[0001] The present invention relates to a packet flow 
control apparatus and a method for controlling the flow 
of packets on a network such as the Internet. 

2. Description of the Related Art 

[0002] Recently, in communication systems using 
variable length packets such as the Internet, provision 
of a so-called "quality-guarantee type service", which 
assures the quality so as to avoid a delay at an end-to- 
end connection or a communication band to be always 
occupied, has been examined by IETF (Internet Engi- 
neering Task Force) and the like. 
[0003] In the above-mentioned quality-guarantee 
type service, the information including a flow of sending 
packets, etc., is previously provided in accordance with 
a control unit formed of each packet flow, collection of 
packet flow, a destination of packet, etc, in the network 
of a user side or a sending side. Further, various re- 
sources provided within the network are previously re- 
served for the above user in a receiving side in accord- 
ance with the above information from the sending side. 
[0004] In this case, however, if a packet, which does 
not comply with the above information, is sent from the 
user side or sending side, the resources provided within 
the network are unexpectedly congested (i.e., the re- 
sources becomes busy) so that the transferring quality 
from the sending side to the receiving side may be worse 
because of congestion of the network. Accordingly, 
when the congestion occurs in the network, it is neces- 
sary to control packet flow so as to be included in a range 
which was previously reserved in the user side or send- 
ing side network. In a conventional art, a token bucket 
algorithm is used as a sending control function of an IP 
(internet protocol) packet in IETF service, in order to re- 
alize the above control of the packet flow. 

SUMMARY OF THE INVENTION 

[0005] The object of the present invention is to provide 
an improved packet flow control apparatus and a meth- 
od of the same, used in a network, such as an internet, 
in which the packet flow control can be realized for each 
control unit by using a small amount of hardware. 
[0006] I n accordance with the present invention, there 
is provided an improved packet flow control apparatus 
performing flow control of packets each having variable 
length, including: a buffer memory for temporarily, accu- 
mulating arrived packets until the sending time for each 
packet; a counter updated based on a rate determined 
in accordance with a packet length calculated by a coun- 
ter value of the counter and limited flow of packets; a 



sending time determining section for determining the 
sending time of each packet based on the counter value 
and a present time; and a sending order control section 
for managing a sending order of each packet accumu- 
5 lated in the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, based on 
the sending time determined by the sending time deter- 
mining section. 

[0007] As one aspect of the invention, the sending 

10 time determining section includes a memory for storing 
parameters which can determine a state of change of 
the counter value of the counter for each control unit to 
independently control the packet flow; when an input 
packet is written into the buffer memory, the sending 

15 time determining section obtains the sending time of the 
input packet based on the parameter having the same 
control unit as the input packet read out from the mem- 
ory; and the sending time determining section updates 
the parameters having the same control unit in the mem- 

20 ory based on a newly obtained sending time of the input 
packet, and transfers the newly obtained sending time 
of the input packet to the sending order control section. 
[0008] As another aspect of the invention, thesending 
time determining section includes the memory storing 

25 parameters which can determine a state of change of 
the counter value of the counter for each control unit to 
independently control the packet flow; when an input 
packet is written into the buffer memory, the sending 
time determining section obtains the sending time of the 

30 input packet based on the parameter having the same 
control unit as the input packet read out from the mem- 
ory; and the sending time determining section updates 
the parameters having the same control unit in the mem- 
ory based on a newly obtained sending time of the input 

35 packet, and transfers the newly obtained sending time 
of the input packet to the sending order control section. 
[0009] As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to independent- 

40 |y control the packet flow, which include a recovery time 
to return the counter value at the sending time of a pre- 
packet belonging to the control unit to a limit value; when 
an input packet is written into the buffer memory, the 
sending time determining section obtains the sending 

45 time of the input packet and the recovery time to return 
the counter value at the sending time to the limit value, 
based on the parameters read out from the memory; and 
the sending time determining section updates the pa- 
rameters having the same control unit in the memory 

50 based on a newly obtained recovery time of the input 
packet, and transfers the newly obtained recovery time 
of the input packet to the sending order control section. 
[0010] As still another aspect of the invention, the 
sending time determining section includes the memory 

55 storing parameters which can determine a state of 
change of the counter value of the counter for each con- 
trol unit to independently control the packet flow; when 
a packet to be sent is read out from the buffer memory, 
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the sending time determining section obtains the send- 
ing time of a next packet to be sent after the next time 
within packets belonging to the control unit of the send- 
ing packets in the buffer memory, based on the param- 
eter having the same control unit as the sending packet 5 
read out from the memory; and the sending time deter- 
mining section updates the parameters having the same 
control unit in the memory based on a newly obtained 
sending time of a next packet, and transfers the newly 
obtained sending time of the next packet to the sending io 
order control section. 

[0011] As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to independent- 
ly control the packet flow, which include a sending time 15 
of a packet belonging to the control unit and a counter 
value at the sending time; when a packet to be sent is 
read out from the buffer memory, the sending time de- 
termining section obtains the sending time of a next 
packet to be sent after next time within packets belong- 20 
ing to the control unit of the sending packets in the buffer 
memory and a counter value at the sending time, based 
on the parameter having the same control unit as the 
sending packet read out from the memory; and the 
sending time determining section updates the parame- 25 
ters having the same control unit in the memory based 
on a newly obtained sending time of a next packet and 
the counter value at the sending time, and transfers the 
newly obtained sending time of the next packet to the 
sending order control section. 30 
[0012] As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to independent- 
ly control the packet flow, which include a recovery time 
to return the counter value at the sending time of a pack- 35 
et belonging to the control unit to a limit value; when a 
packet to be sent is read out from the buffer memory, 
the sending time determining section obtains the send- 
ing time of a next packet to be sent after next time within 
packets belonging to the control unit of the sending 40 
packets in the buffer memory and the recovery time to 
return a limit value to a counter value at the sending 
time, based on the parameter having the same control 
unit as the sending packet read out from the memory; 
and the sending time determining section updates the 45 
parameters having the same control unit in the memory 
based on a newly obtained recovery time of a next pack- 
et, and transfers the newly obtained recovery time of the 
next packet to the sending order control section. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the drawings: 

Figure 1 is a schematic block diagram of a packet 55 
flow control apparatus according to an embodiment 
of the present invention; 

Figure 2 is a timing chart for explaining the opera- 



tion of a token bucket counter at sending time cal- 
culation in a first (or third) embodiment of the 
present invention; 

Figure 3 is a block diagram of a sending time cal- 
culating unit in the first (or third) embodiment of the 
present invention; 

Figure 4 is a block diagram of a sending time oper- 
ating circuit in the sending time calculating unit in 
the first (or third) embodiment of the present inven- 
tion; 

Figure 5 is a flowchart for explaining a write opera- 
tion of an arrived packet to a buffer memory in the 
first (or second) embodiment of the present inven- 
tion; 

Figure 6 is a flowchart for explaining a read opera- 
tion of a sending packet from the buffer memory in 
the first (or second) embodiment of the present in- 
vention; 

Figure 7 is a flowchart for explaining the detailed 
steps of sending time calculating processes in the 
flowchart shown in Fig. 5 in the first (or third) em- 
bodiment of the present invention; 
Figure 8 is a timing chart for explaining an operation 
of a token bucket counter at sending time calcula- 
tion in a second (or fourth) embodiment of the 
present invention; 

Figure 9 is a block diagram of a sending time cal- 
culating unit in the second (or fourth) embodiment 
of the present invention; 

Figure 1 0 is a block diagram of a sending time op- 
erating circuit in the sending time calculating unit in 
the second (or fourth) embodiment of the present 
invention; 

Figure 11 is a flowchart for explaining the detailed 
steps of sending time calculating processes in the 
flowchart shown in Fig. 5 in the second embodi- 
ment; 

Figure 1 2 is a flowchart for explaining a write oper- 
ation of the arrived packet to the buffer memory in 
the third (or fourth) embodiment of the present in- 
vention; 

Figure 1 3 is a flowchart for explaining a read oper- 
ation of the sending packet from the buffer memory 
in the third (or fourth) embodiment of the present 
invention; 

Figure 1 4 is a block diagram of a sending order con- 
trol unit according to an embodiment of the present 
invention; 

Figure 15 is a view for explaining registration of 
pointer link information and adding processes in a 
pointer link memory in the sending order control unit 
in the first embodiment of the present invention; 
Figure 16 is a view for explaining registration of 
pointer link information and erasing processes at 
the pointer link memory in the sending order control 
unit in the first embodiment of the present invention; 
Figure 17 is a flowchart for explaining registration 
of the sending time into the pointer link memory as 
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the pointer link information in the first embodiment 
of the sending order management in the present in- 
vention; 

Figure 18 is a flowchart for explaining read opera- 
tion of the pointer link information from the pointer 
link memory in the first embodiment of the sending 
order management in the present invention; 
Figure 19 is a view for explaining a state of link of 
the pointer link in the pointer link memory in the sec- 
ond embodiment of the sending order management 
in the present invention; 

Figure 20 is a view for explaining a state of link of 
the pointer link in the pointer link memory in the third 
embodiment of the sending order management in 
the present invention; 

Figure 21 is a view for explaining a state of link of 
the pointer link in the pointer link memory in the 
fourth embodiment of the sending order manage- 
ment in the present invention; 
Figure 22 is a view for explaining a state of link of 
the pointer link in the pointer link memory in the fifth 
embodiment of the sending order management in 
the present invention; and 
Figure 23 is a timing chart for explaining a counter 
operation at a read control by a token bucket in a 
conventional art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Before describing the preferred embodiments 
of the present invention, a conventional art and its prob- 
lem will be explained with reference to Figure 23 below. 
[0015] Figure 23 is a timing chart for explaining a 
counter operation at a read control by a token bucket in 
a conventional art. This timing chart shows a conven- 
tional concept of a flow control function using the token 
bucket for the variable length packet. 
[0016] In this flow control function, arrived data pack- 
ets (below, arrived packets) are sequentially accumulat- 
ed in a buffer memory used as the sending control. 
When a sending time of the packet, which is previously 
determined based on a limited flow R, is passed, the 
packet is sent from the buffer memory to the network so 
that it is possible to control packet flow. 
[0017] In this case, the sending time of the packet to 
the network is managed by using a token bucket coun- 
ter. That is, a counter value C (byte) of the token bucket 
counter is used as an aimed value in order to permit the 
sending of the packet (a sending permission). In this 
case, the counter value C is increased up to an upper 
limit value (i.e. maximum value) B, which is defined as 
the value that can continuously send the information, in 
accordance with the limited flow R (byte/sec). In this 
case, if there are packets in the buffer memory used as 
the sending control, the bucket counter value C is com- 
pared with the packet length L. When the bucket counter 
value C is larger than the packet length L, it is possible 



to send the packet by limiting the packet flow less than 
the limited flow R. Accordingly, the corresponding pack- 
et is sent to the receiving side, and the bucket counter 
value C is subtracted by the packet length L. 

s [0018] On the other hand, when the bucket counter 
value C is smaller than the packet length L, the packet 
flow may exceed the limited flow R if the packet is sent 
to the receiving side at this timing. In this case, the pack- 
ets are accumulated in the buffer memory until the buck- 

10 et counter value C is equal to or larger than the packet 
length L. Then , when the bucket counter value C reach- 
es the packet length L, the corresponding packet is read 
out from the buffer memory and sent to the receiving 
side. 

is [0019] Concretely, as shown in Fig. 23, packets 1 to 
3 are sequentially sent and accumulated in the buffer 
memory. It is assumed that each packet length of the 
packets 1 to 3 is defined as L1 , L2 and L3. At the time 
when the arrived packet 1 is written into the buffer mem- 

20 ory, the bucket counter value C indicates the upper val- 
ue B (the maximum value), and it can be represented 
byB>L1 so that it is possible to send the packet 1 based 
on the limited flow R. Accordingly, the packet 1 is read 
out from the buffer memory and sent to the receiving 

25 side, the bucket counter value C is subtracted by the 
packet length L1 so as to obtain C = B - L1 . Further, the 
bucket counter value C is increased based on the con- 
trol rate of the flow R in accordance with the elapsed 
time from the value (B - L1). 

30 [0020] When the bucket counter value C is recovered 
to the packet length L2 of the packet 2 to be sent next, 
the sending of the packet 2 can be controlled based on 
the limited flow R. Accordingly, at the time when the 
sending of the packet 2 reaches possible state after re- 

35 covered time (in this example, this time is defined by the 
time when the arrived packet 2 is fully written into the 
buffer memory), the packet 2 is read out from the buffer 
memory and sent to the receiving side. 
[0021] On the other hand, in this example, since the 

40 bucket counter value C is subtracted by the packet 
length L2 at the time when the packet 2 is sent, the buck- 
et counter value C is not recovered to the packet length 
L3 at the time when the packet 3 has arrived (at the time 
when the arrived packet 3 is fully written into the buffer 

45 memory). In this case, if the packet 3 is sent at that tim- 
ing, the packet flow exceeds the limited flow R. Accord- 
ingly, the sending of the packet 3 is waited until the buck- 
et counter value C is recovered to the packet length L3 
or more, and at the recovered time, the packet 3 is read 

so out from the buffer memory and sent to the receiving 
side. 

[0022] As a result, even if the packets arrive constant- 
ly, it is possible to control the packet flow to be sent 
based on the limited flow R. 
55 [0023] In the above conventional art, however, it is 
necessary to provide the token bucket counter for each 
control unit to which the packet belongs. Accordingly, 
there is a problem that, when there are many control 
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units, it is also necessary to provide many token bucket 
counters in accordance with the number of control units, 
so that it is necessary to provide much hardware in ac- 
cordance with the number of the token bucket counters. 
[0024] Therefore, the present invention aims to real- s 
ize improved packet flow control for each control unit by 
using a reduced amount of hardware. 
[0025] Figure 1 is a block diagram of a packet flow 
control apparatus according to an embodiment of the 
present invention. In Fig. 1 , reference number 1 is a buff- w 
er memory for accumulating arrived packets up to the 
corresponding sending time of each packet. In this case, 
the arrived packets are sequentially accumulated into 
the buffer memory 1 . When the sending time sT, which 
is calculated for each arrived packet, has passed, the *5 
corresponding packet is read out from the buffer mem- 
ory, and the read out packet is sent to the network. 
[0026] Reference number 2 is a sending time calcu- 
lating unit, which holds parameters related to each pack- 
et belonging to the control unit, for each control unit of 20 
the arrived packet, and calculates the sending time sT 
of the packet for each control unit based on the param- 
eter. 

[0027] Reference number 3 is a sending order control 
unit, which manages the sending order of the packets 25 
accumulated in the buffer memory 1 , and instructs send- 
ing of each packet to the buffer memory 1 in accordance 
with the sending order. That is, the sending order control 
unit 3 determines the packet to be sent or the control 
unit, based on the information including the sending time 30 
sT of each packet and the control unit thereof. Further, 
the sending order control unit 3 instructs read out and 
sending of the packet, which the sending time sT was 
passed, from the packets accumulated in the buffer 
memory 1 . 35 
[0028] Reference number 4 is a clock, which indicates 
the present time T (sec) and sends it to the sending time 
calculating unit 2 and the sending order control unit 3. 
[0029] Figure 3 is a detailed block diagram of the 
sending time calculating unit 2 in Fig. 1. As shown in 40 
Fig. 3, the sending time calculating unit 2 includes a 
memory 21 for storing parameter information for each 
control unit and a sending time operating circuit 22 for 
operating the sending time sT based on these parame- 
ters. In this case, as the parameter information for each 45 
control unit, there are two main information, i.e., the in- 
formation obtained from the arrived packets and the in- 
formation sequentially calculated by the sending time 
calculating unit 2. As the former, there are a sending rate 
R (byte/sec) indicating the limited flow for each control so 
unit and a token bucket size B (byte). As the latter, there 
are a pre-packet sending time pT (sec) and a token 
bucket counter value pC (byte) at the sending of the pre- 
packet. These parameters are stored in the memory 21 . 
[0030] The sending time operating circuit 22 deter- 55 
mines the control unit of the packet, based on header 
information, etc., for the packet when writing the arrived 
packet into the buffer memory 1 , and reads out the pa- 



rameter related to the control unit from the memory 21 . 
Further, the sending time operating circuit 22 obtains the 
sending time sT (sec) of the packet and the bucket coun- 
ter value C at that sending time, based on the parame- 
ters and the present time T (sec). Still further, the send- 
ing time operating circuit 22 updates the corresponding 
contents in the memory 21 and sends the sending time 
sT to the sending order control unit 3, by setting the ob- 
tained sending time sT as the pre-packet sending time 
pT, and by setting the operated bucket counter value C 
as the token bucket counter value pC at the sending of 
the pre-packet. 

[0031] Figure 4 is a detailed block diagram of the 
sending time operating circuit 22 in the sending time cal- 
culating unit 2. The sending time operating circuit 22 re- 
ceives the parameters from the memory 21 and the 
packet length L of the arrived packet from the buffer 
memory 1. The sending time operating circuit 22 in- 
cludes hardware for solving the following formula. 

sT=Max[pT + (L-pC)/R,T] 



C = Min[B,pC+(sT-pT) x R] - L 

[0032] In this case, Max[a, p] represents selecting a 
larger value of a and p, and Min[a, p] represents select- 
ing a smaller value of a and p. The detailed explanations 
of this formula will be given below. 
[0033] Figure 14 is a detailed block diagram of the 
sending order control unit 3. As shown in the drawing, 
the sending order control unit 3 receives the packet in- 
formation including the sending time sT, the control unit 
and additional information, from the sending time calcu- 
lating unit 2. The sending order control unit 3 includes 
a pointer link control unit 31 for outputting a read out 
instruction of the packet to be sent to the buffer memory 
1 , a pointer link memory 33 (or a sending control mem- 
ory) for accumulating pointer link information, which 
manages sending order of each packet accumulated in 
the buffer memory 1 , based on the control of the pointer 
link control unit 31 , and a head address register 32 (or 
a head address memory) for storing head pointers each 
indicating an address of the head pointer link informa- 
tion which is read out from the pointer link memory 33. 
In this case, the pointer link information is prepared by 
the pointer link control unit 31 based on the packet in- 
formation received from the sending time calculating 
unit 2, and includes the control unit of each packet, the 
sending time sT of the packet, the additional information 
(a priority order of the packet, packet length, etc.,), and 
the next address which stores the pointer link informa- 
tion of the next packet to be sent at the next time after 
sending of this packet. 

[0034] There are various manners in a calculation 
method of the sending time sT in the sending time cal- 
culation unit 2. The following explanations are various 
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embodiments of the calculation method. 

[An embodiment (1 ) for calculation of the sending time] 

[0035] In the embodiment (1 ), the sending time sT is 
calculated when the arrived packets are written into the 
memory. That is, the sending rate R (byte/sec) and the 
token bucket size B (byte), and the pre-packet sending 
time pT (sec) and the token bucket counter value pC 
(byte) at the sending time of the pre-packet, are stored 
in the memory 21 of the sending time calculating unit 2 
as the parameter of the corresponding control unit. 
[0036] Figure 2 is a timing chart for explaining the re- 
lationship between the operation of the token bucket 
counterandeach internal parameter, in the embodiment 
(1), Figure 5 is a flowchart for explaining steps at the 
write of the arrived packets to the buffer memory 1 , Fig- 
ure 6 is a flowchart for explaining steps at the read out 
of the sending packet from the buffer memory 1 , and 
Figure 7 is a detailed flowchart for explaining steps of 
sending a time calculation at the write of the arrived 
packets shown in Fig. 5. 

[0037] First, the arrived packets are sequentially writ- 
ten into the buffer memory 1 (step A1 in Fig. 5). At the 
time of writing the arrived packets, the control unit of the 
arrived packet is determined based on the header infor- 
mation of the arrived packet (step A2). Next, the sending 
time calculating unit 2 calculates the sending time of 
each arrived packet based on the parameter of the con- 
trol unit (step A3). 

[0038] That is, the parameter corresponding to the 
control unit is read out from the memory 21 (step C1 in 
Fig. 7), and the sending time sT (sec) of the arrived 
packet is obtained based on these parameters and the 
present time T (sec) of the clock 4, The sending time sT 
indicates a sending possible time, i.e., a time when the 
arrived packet accumulated in the buffer memory 1 can 
be sent in accordance with the limited flow R. This time 
can be determined by the time when the writing of the 
arrived packet to the buffer memory 1 is completed, and 
by the time when the bucket counter value C exceeds 
the packet length L (byte) of the arrived packet. 
[0039] That is, a counter permission time eT, which 
indicates the time when the bucket counter value C be- 
comes the packet length L, can be obtained by obtaining 
the necessary time until the packet counter value pC be- 
comes the packet length L at the sending time of the 
pre-packet (i.e., at the timing of read out of the pre-pack- 
et) from the limited flow (= an increasing rate) R (byte/ 
sec) of the packet counter, and by adding this time to 
the sending time pT of the pre-packet. Accordingly, the 
counter permission time eTcan be expressed by the fol- 
lowing formula. 

eT=pT + (L-pC)/R 
[0040] The counter permission time eT is compared 



with the present time T, and the sending time sT of the 
packet is determined by the later time (i.e., larger time) 
between the time eT and the time T. That is, the time sT 
can be expressed by the following formula (step C2). 

5 

sT=Max[pT + (L-pC)/R,T] 

[0041] Further, the bucket counter value C at the 
10 sending time sT of the packet can be obtained in such 
a manner that, first, a time from the sending time pT of 
the pre-packet until the sending time sT of the present 
packet is multiplied by the increasing rate R of the buck- 
et counter so that an increased value of the bucket coun- 
ts ter value is obtained; next, the increased value is added 
to the bucket counter value C at the sending time of the 
pre-packet; an added value is compared with an upper 
limit value B of the bucket counter; next, a smaller value 
between the added value and the upper limit value B is 
20 selected; finally, the bucket counter value C can be ob- 
tained by subtracting the packet length L, which was al- 
ready sent, from the smaller value. The above steps can 
be expressed by the following formula (step C3). 

C = Min[B,pC + (sT - pT) X R] - L 

[0042] The parameters stored in the memory 21 are 
updated based on the sending time sT of the arrived 

30 packet and the bucket counter value C at that time. That 
is, the sending time sT of the arrived packet to be written 
into the buffer memory 1 is written into the memory 21 
as the sending time pT of the pre-packet. Similarly, the 
bucket counter value C at the sending time sT is written 

35 into the memory 21 as the bucket counter value pC at 
the sending time of the pre-packet (step C4). 
[0043] Further, the information, such as control unit of 
the packet written into the buffer memory 1 , and the 
sending time sT calculated for the packet, are sent to 

40 the sending order control unit 3 as the packet informa- 
tion. The sending order control unit 3 prepares the point- 
er link information based on the above packet informa- 
tion, and registers them into the pointer link memory 33 
in order of the sending time. The sending order control 

45 unit 3 sequentially reads out the pointer link information 
in order of earlier sending time, determines the contents 
(step B1), and instructs read out of the corresponding 
packet to be sent to the buffer memory 1 , in accordance 
with the result of the above determination. The detailed 

so steps in the sending order control unit 3 will be explained 
below. 

[0044] Figure 2 is a timing chart for explaining the re- 
lationship between the operation of the counter and 
each of internal parameters in the embodiment (1 ). The 
55 above-mentioned sending time sT can be calculated as 
follows. In Fig. 2, the packets 1 to 3 sequentially arrive 
and accumulate into the buffer memory 1 . Each arrived 
packet 1 to 3 has the corresponding packet length L1 to 
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L3, respectively. 

[0045] Since the bucket counter value C indicates the 
upper limit value B (i.e., the maximum value), and can 
be expressed by B > L1 , at the time when the arrived 
packet 1 was written into the buffer memory 1 , it is pos- 
sible to send the packet 1 based on the control of the 
limited flow R. Accordingly, the packet 1 is read out from 
the buffer memory 1 and sent to the receiving side, and 
the bucket counter value C is subtracted by the packet 
length L1 . As a result, the bucket counter value C can 
be expressed by the formula C = B - L1 , and is increased 
from the value (B - L1 ) in accordance with the rate of the 
flow R (byte/sec). 

[0046] At the time when the next arrived packet 2 is 
written into the buffer memory 1 , the sending time pT2 
of the pre-packet as the time when the pre-packet 1 was 
sent, and the bucket counter value pC2 at the sending 
time of the pre-packet as the bucket counter value C, 
are stored in the memory 21 . 
[0047] The counter permission time eT2 indicates the 
time when the bucket counter value C reaches the pack- 
et length L2 that indicates permission of sending of the 
packet 2. The counter permission time eT2 can be ob- 
tained in such a manner that, first, a time when the buck- 
et counter value pC2 at the sending time pT2 of the pre- 
packet reaches the packet length L2 is obtained by the 
increasing rate R (byte/sec) of the bucket counter, and 
this time is added to the sending time pT2 of the pre- 
packet. That is, the counter permission time eT2 can be 
expressed by the following formula. 

eT2 = pT2 + (L2 - pC2)/R 

[0048] The counter permission time eT2 is compared 
with the present time T, and the later time (i.e., larger 
time) between the time eT2 and the time T is defined as 
the sending time sT2 of the corresponding packet. The 
counter permission time eT2 can be expressed by the 
following formula. 

sT2 = Max[pT2 + (L2 - pC2)/R,T| 

[0049] In the example shown in Fig. 2, the corre- 
sponding packet 2 cannot be sent up to the completion 
time T2 when the arrived packet 2 is written into the buff- 
er memory 1 . Since the time T2 is larger than the time 
eT2 that was obtained by calculation, the sending time 
sT2 becomes the time T2. That is, when the sending 
time sT2 is the time T2, the packet 2 is read out from 
the buffer memory 1. 

[0050] The bucket counter value Catthe sending time 
sT2 of the packet 2 can be obtained in such a manner 
that, first, a time from the sending time pT2 of the pre- 
packet until the sending time sT2 of the present packet 
is multiplied by the increasing rate R of the bucket coun- 
ter so that an increased value [= (sT2 - pT2) x R] of the 



bucket counter value is obtained; next, the increased 
value is added to the bucket counter value C (= pC) at 
the sending time of the pre-packet; an added value is 
compared with an upper limit value B of the bucket coun- 

5 ter; next, a smaller value between the added value and 
the upper limit value B is selected; finally, the bucket 
counter value C can be obtained by subtracting the 
packet length L2, which was already sent, from the 
smaller value. The above steps can be expressed by 

w the following formula. 

C = Min[B,pC2 + (sT2 - pT2) X R] - L2 

15 [0051] The sending time sT2 obtained by the above 
calculation is defined as the sending time sT3 of the pre- 
packet for the next packet 3, and the bucket counter C 
is defined as the bucket counter value pC3 at the send- 
ing of the pre-packet for the next packet 3. 

20 [0052] Further, at the time when the arrived packet 3 
is written into the buffer memory 1 , the counter permis- 
sion time eT3 indicates the time when the bucket coun- 
ter value C reaches the packet length L3 that indicates 
permission of sending of the packet 3. The counter per- 

25 mission time eT3 can be obtained in such a mannerthat, 
first, a time when the bucket counter value pC3 at the 
sending time pT3 of the pre-packet reaches the packet 
length L3 is obtained by the increasing rate R (byte/sec) 
of the bucket counter, and this time is added to the send- 

30 ing time pT3 of the pre-packet. That is, the counter per^ 
mission time eT3 can be expressed by the following for- 
mula. 

35 eT3 = pT3 + (L3-pC3)/R 

[0053] The counter permission time eT3 is compared 
with the present time T, and the later time (i.e., larger 
time) between the time eT3 and the time T is defined as 
40 the sending time sT3 of the corresponding packet. The 
counter permission time eT3 can be expressed by the 
following formula. 

45 sT3 = Max[pT3 + (L3 - pC3)/R,T] 

[0054] In this case, the packet 3 cannot be sent up to 
the completion time T3 when the packet 3 is written into 
the buffer memory 1 . Since the bucket counter value C 

so is not recovered to the packet length L3 at this time T3, 
the sending of the packet 3 is not permitted. That is, the 
above-calculated counter permission time eT3 is used 
as the sending time sT3 of the packet 3, and the packet 
3 is read out from the buffer memory 1 and sent to the 

55 receiving side at the time when the presenttime T reach- 
es the sending time sT3 (= eT3). 
[0055] Further, the bucket counter value C at the 
sending time sT3 of the packet 3 can be obtained in such 
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a manner that, first, a time from the sending time pT3 of 
the pre-packet until the sending time sT3 of the present 
packet is multiplied by the increasing rate R of the buck- 
et counter so that an increased value [= (sT3 - pT3) x 
R] of the bucket counter value is obtained; next, the in- 
creased value is added to the bucket counter value C 
(= pC3) at the sending time of the pre-packet; an added 
value is compared with an upper limit value B of the 
bucket counter; next, a smaller value between the add- 
ed value and the upper limit value B is selected; finally, 
the bucket counter value C can be obtained by subtract- 
ing the packet length L3, which was already sent, from 
the smaller value. The above steps can be expressed 
by the following formula. 

C = Min[B, pC3 + (sT3 - pT3) x R] - L3 

[An embodiment (2) for calculation of the sending time] 

[0056] In the embodiment (2), the sending time sT is 
calculated at the time when the arrived packets are writ- 
ten into the memory. Figures 8 to 11 are provided for 
explaining the embodiment (2). In the embodiment (2), 
the parameters used for calculating the sending time sT 
are changed from the embodiment (1), and the number 
of parameters stored in the memory 21 is reduced, so 
that the capacity required for the memory can be re- 
duced. 

[0057] That is, in the embodiment (2), the memory 21 
in the sending time calculating unit 2 stores, for each 
control unit of the arrived packet, the sending rate R 
(byte/sec) and the token bucket size B (byte), and the 
time bT (below, this time is called a recovery time to the 
upper limit value of the pre-packet) when the token 
bucket counter value C at the sending time of the pre- 
packet returns to the upper limit value B (~ initial value), 
as the parameters of that control unit. Figure 8 is a timing 
chart for explaining the relationship between the opera- 
tion of the token bucket counter and each of internal pa- 
rameters, in the embodiment (2). 
[0058] Figure 9 is a detailed block diagram of the 
sending time calculating unit 2 in the embodiment (2). 
The basic structure is the same as the embodiment (1 ) 
(see Fig. 3) as structured by the memory 21 and the 
sending time calculating unit 2. In the embodiment (2), 
the memory 21 stores the sending rate R (byte/sec) for 
each control unit and the token bucket size B (byte), as 
well as the first embodiment, Further, the memory 21 
stores the recovery time bT to the upper limit value of 
the pre-packet indicating the time when the token bucket 
counter value C at the sending time of the pre-packet 
returns to the upper limit value B, instead of the sending 
time pT of the pre-packet and the bucket counter value 
pC in the first embodiment. Further, the sending time 
calculating unit 2 is structured by the hardware for solv- 
ing the following formula. 



sT=Max[bT+(b-L)/R,T] 



5 rT = Max[sT, bT] + L/R 

[0059] A calculation method of the sending time sT in 
the sending time calculating unit 2 in the embodiment 
(2) will be explained in detail below. In this case, ai- 
re though the steps of the write operation to the buffer 
memory 1 of the arrived packet are the same as the 
steps shown in Fig. 5 in the embodiment (1 ), the detailed 
calculation of the sending time sT is different from the 
first embodiment, as shown in Fig. 11. Further, the steps 
is of the read operation from the buffer memory 1 are the 
same as the steps shown in Fig. 6 in the embodiment 
(1). 

[0060] As mentioned above, the memory 21 stores, 
for each control unit of the arrived packet, the sending 
20 rate R, the token packet size B and the recovery time 
bT of the upper limit value of the pre-packet, as param- 
eters. 

[0061] In Fig. 11 , when writing the arrived packet into 
the buffer memory 1, the control unit of the packet is 
25 identified based on the header information of that pack- 
et, and the parameter for the identified control unit is 
read out from the memory (step F1). The sending time 
sT of the packet can be obtained based on the param- 
eters and the present time T and based on the time when 
30 the write of the arrived packet to the buffer memory 1 is 
completed and the bucket counter value C exceeds the 
packet length L. 

[0062] In this case, since the recovery time of the up- 
per limit value, in which bucket counter value C at the 
35 sending time of the pre-packet recovers to the upper lim- 
it value B, can be expressed by bT, the recovery time 
until the bucket counter value C reaches the upper limit 
value B from the packet length L, can be obtained by 
dividing the difference value (B - L) between the upper 
40 limit value B and the packet length L into the increasing 
rate R of the bucket counter value C. Further, the time 
when bucket counter value C reaches packet length L 
(= the counter permission time eT) can be obtained by 
subtracting the recovery time [= (B - L)/R] from the re- 
45 covery time bT of the upper limit value of the pre-packet. 
Further, the counter permission time eT is compared 
with the present time T, and the later time between the 
time eT and the time T is selected so that the sending 
time sT of the packet can be obtained as shown by the 
so following formula (step F2). 

sT=Max[bT-(b-L)/R,T] 

55 [0063] Further, the time rT (this is called the recovery 
time of the upper limit value of the pre-packet) when the 
bucket counter value C at the sending time of the 
present packet returns to the upper limit value B, can be 
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obtained in such a manner that, if the bucket counter 
value C reaches the upper limit value B at the sending 
time sT of the present packet (that is, if the sending time 
sT is larger than the recovery time bT of the upper limit 
value of the pre-packet), the difference value (B - L) be- 
tween the upper limit value B and the packet length L is 
calculated; and the time when the difference value (B - 
L) is increased based on the increasing rate R and 
reaches difference zero (i.e., the time returning to the 
upper limit value B) is added to the sending time sT of 
the present packet, as shown by the formula sT + L/R. 
[0064] On the other hand, if the sending time sT of the 
present packet is smaller than the recovery time bT of 
the upper limit value of the pre-packet, the recovery time 
rT of the upper limit value of the present packet can be 
obtained in such a mannerthat the time (= L/R) required 
for returning the bucket counter value based on a value 
subtracted by the packet length L of the present packet 
at the sending time sT, is added to the recovery time bT 
of the upper limit value of the pre-packet, as shown by 
the formula bT + L/R. 

[0065] That is, the recovery time rT of the upper limit 
value of the present packet can be obtained by the fol- 
lowing formula in all the above cases (step F3). 

rT = Max[sT, pT] + L/R 

[0066] The obtained recovery time rTof the upper limit 
value of the present packet is stored in the memory 21 
as the new recovery time bT of the upper limit value of 
the pre-packet (step F4). 

[0067] Further, a newly obtained sending time sT of 
the present time is transferred to the sending order con- 
trol unit 3 with the position information of the packet and 
the control unit information on the buffer memory 1 , as 
the packet information. The packet information are reg- 
istered in order of the sending time as the pointer link 
information. 

[An embodiment (3) for calculation of the sending time] 

[0068] In the embodiment (3), the sending time sT is 
calculated at the time when the arrived packets are read 
out from the buffer memory. As explained above, in the 
embodiments (1 ), (2), the sending time sT of the packet 
is calculated at the time when that packet is written into 
the buffer memory 1 , and the calculated sending time is 
registered into the sending order control unit 3 with other 
packets. In this method, however, it is necessary to pro- 
vide a memory having a large capacity in order to store 
all sending times sT for all arrived packets. In order to 
resolve this problem, the calculation of the sending time 
sT of the packet is performed at the time when the pack- 
et is read out from the buffer memory 1 , in the embodi- 
ment (3). In this case, when the packet is read out from 
the buffer memory 1 and sent to the receiving side, the 
sending time sT of the next packet, which is sent in next 



order of the present packet, is calculated and registered 
into the sending order control unit 3. According to the 
embodiment (3), it is not necessary to provide the mem- 
ory capacity to store the sending time sT, for all arrived 

5 packets. That is, the memory capacity is prepared so as 
to be sufficient to store only the number of control unit 
corresponding to the arrived packet. 
[0069] Figure 12 is a flowchart for explaining a write 
operation of the arrived packet to the buffer memory 1 

10 in the embodiment (3), and Figure 13 is a flowchart for 
explaining a read operation from the buffer memory 1 in 
the embodiment (3). The detailed calculation method of 
the sending time sT in the embodiment (3) is basically 
the same as the calculation method in the embodiment 

15 (1 ), i.e., the calculation method explained in the counter 
operation of Fig. 8 and in the flowchart of Fig. 11 . 
[0070] First, the operations are briefly explained be- 
low. In the embodiment (3), when the packet is arrived 
to the buffer memory 1 , if the packet having the same 

20 control unit as the arrived packet has been already 
stored in the buffer memory 1 (i.e., if a plurality of pack- 
ets having the same control unit are accumulated in the 
buffer memory 1 ), it is possible to calculate the sending 
time sT of the next packet, since the next packet belong- 

25 ing to the same control unit as the sending packet exists 
in the buffer memory 1 , when the sending packet is read 
out from the buffer memory 1 . On the other hand, if the 
packet having the same control unit as the arrived pack- 
et does not exist in the buffer memory 1 , since the send- 

30 ing time sT of the arrived packet cannot be calculated 
as the sending time sT of the next packet when other 
packets having the same control unit are read out from 
the buffer memory 1 , the sending time sT of the packet 
is calculated at the time when the packet is written into 

35 the buffer memory 1 , and the calculated sending time 
sT is registered into the sending order control unit 3. 
[0071] That is, the memory 21 stores the sending rate 
R and token bucket size B for each control unit, the 
sending time cT of the present packet indicating the 

40 present sending time, and the token bucket counter val- 
ue cC of the sending time of the present packet. This is 
different from the embodiment (1) which stores the 
sending time pT of the pre-packet and the bucket coun- 
ter value pC at the sending time of the pre-packet. 

45 [0072] As shown in Fig. 12 for explaining write oper- 
ation in the embodiments (3) and (4). First, the arrived 
packets are sequentially stored into the buffer memory 
1 (step D1). When the arrived packet is written into the 
buffer memory 1 , the control unit of the packet is iden- 

so ttfied based on the header information of the arrived 
packet (step D2). Further, whether there are the packets 
belonging to the same control unit in the buffer memory 
1 is checked (step D3). If there are the packets belong- 
ing to the same control unit in the buffer memory 1 , it is 

55 not necessary to do any process, and the write process 
is completed. In this case, the sending time sT of the 
packet is calculated as the sending time sT of the next 
packet at the time when the previous packet is read out 
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from the buffer memory 1 . 

[0073] On the other hand, when the there are no pack- 
ets belonging to the same control unit in the buffer mem- 
ory 1 , it is necessary to calculate the sending time of the 
arrived packet of this time at the present time (i.e., the 
time when the packet is written into the buffer memory 
1). That is, the parameter corresponding to the control 
unit of the packet is read out from the memory 21 . Fur- 
ther, based on the parameter and the present time T, the 
sending time sT of the arrived packet can be obtained 
as the time when the bucket counter value C exceeds 
the packet length L of the arrived packet, 
[0074J Further, the bucket counter value C is obtained 
at the sending time of the packet, and the sending time 
sT and the bucket counter value C are stored in the 
memory 21 as the sending time cT of the present packet 
and the bucket counter value cC at the sending time of 
the present packet, Further, the sending time sT is sent 
to the sending order control unit 3 with the information 
of the packet of the position stored in the buffer memory 
1 and control unit. 

[0075] On the other hand, as shown in Fig. 13, when 
the packet is read out from the buffer memory 1 , the 
sending order control unit 3 determines the next packet 
to be sent (step E1 ), and instructs read-out of the packet 
to the buffer memory 1 . In accordance with the instruc- 
tions, the packet is read out from the buffer memory 1 
(step E2). At the time when the packet is read out, the 
control unit of the packet is identified (step E3), and 
whether there are the packets belonging to the same 
control unit as the read packet are checked (step E4,). 
When there are no packets, it is not necessary to do any 
process and the read-out process is completed. 
[0076] On the other hand, when there are packets be- 
longing to the same control unit, the sending time of the 
next packet to be read out in the same control unit is 
calculated based on the following steps. 
[0077] The following calculation steps are the same 
as the steps explained in Fig. 7, except that the sending 
time p of the pre-packet is replaced to the sending time 
cC of the present packet and the bucket counter value 
pC at the sending time of the pre-packet is replaced to 
the bucket counter value cC at the sending time of the 
present packet. 

[0078] That is, first, the packet length of the next pack- 
et is read out from the buffer memory 1 (step E5). Fur- 
ther, the parameters corresponding to the control unit 
are read out from the memory 21 . The sending time sT 
of the next packet can be obtained based on the param- 
eters and the present time T as the time when the bucket 
counter value exceeds the packet length L of the next 
packet. These steps can be expressed by the following 
formula. 

sT = Max[cT+(L-cC)/R,T] 
[0079] Further, the bucket counter value C at the 



sending time of the next packet can be obtained by the 
following formula. 

5 C = Min[B,cC + (sT - cT) X R] - L 

[0080] Further, the obtained sending time sT of the 
next packet and the bucket counter value at that time 
are stored in the memory 21 as the sending time cT of 
10 the present packet and the bucket counter value cC at 
the time. The sending time sT is sent to the sending or- 
der control unit 3 with the information of the position of 
the packet on the buffer memory 1 and the control unit. 

is [An embodiment (4) for calculation of the sending time] 

[0081] In the embodiment (4), the sending time sT is 
calculated at the time when the arrived packets are read 
out from the buffer memory. As well as the third embod- 

20 iment, the sending time T is calculated at the time when 
the packet is read out from the memory 21 , and not 
stored for each packet in the sending order control unit 
3 in the embodiment (4). In the calculation method of 
the sending time, the number of parameters to be stored 

25 in the memory 21 can be reduced by performing the 
same method as the embodiment (2) shown in Fig. 8. 
[0082] In the embodiment (4), the steps of the write 
operation of the packet to the buffer memory 1 are the 
same as the steps of the embodiment (3) shown in Fig. 

30 12, and the steps of the read operation of the packet 
from the buffer memory 1 are the same as the steps of 
the embodiment (3) shown in Fig, 1 3. On the other hand, 
the detailed steps of the read time calculation in the flow- 
chart shown in Fig. 13 are different from the step of the 

35 embodiment (3), and the same as the steps of the em- 
bodiment (2). However, "bT" in Fig. 11 is not the recov- 
ery time of the upper limit value of the pre-packet, but 
is the recovery time of the upper limit value of the 
present packet. 

40 [0083] In the embodiment (4), the memory 21 in the 
sending time calculating unit 2 stores, for each control 
unit of the arrived packet, the sending rate R (bytes/sec) 
and the token bucket size B (bytes), and the recovery 
time bT of the upper limit value of the present packet in 

45 which the token bucket counter value C at the sending 
time of the present packet returns to the upper limit value 
(= initial value) B, as the parameters of the control unit. 
When comparing the embodiment (2) with the embodi- 
ment (4), as the difference between these embodi- 

50 ments, the former stores the recovery time of the upper 
limit value of the pre-packet, and the latter stores the 
recovery time of the upper limit value of the present 
packet. 

[0084] When the arrived packet is written into the buff- 
55 er memory 1 , the control unit of the arrived packet is 
identified based on the information of the header of the 
arrived packet, and whether there are the packets be- 
longing to the same control unit in the buffer memory 1 
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is determined. When there are the packets, the calcula- 
tion of the sending time sT of the arrived packet is per- 
formed at the tjme when a just one before packet is read 
out so that it is not necessary to do any processes at the 
write operation in the buffer memory 1 . 5 
[0085] On the other hand, when there are no packets 
belonging to the same control unit in the buffer memory 
1 , the calculation of the sending time sT of the arrived 
packet must be performed at the write time to the buffer 
memory 1. In this case, the calculation method is the 10 
same as that of the embodiment (1 ). That is, the param- 
eters corresponding to the control unit are read out from 
the memory 21. The sending time sT of the present 
packet can be obtained based on the parameters and 
the present time T, as the time when the bucket counter is 
value exceeds the packet length L of the arrived packet 
and when the write operation to the buffer memory 1 is 
completed. 

[0086] Furthermore, a time rT, when the token bucket 
counter value C at the sending time of the packet returns 20 
to the upper limit value B, is calculated, and the time rT 
is stored as the recovery time pT of the upper limit value 
of the present packet. Further, the sending time sT of 
the present packet is sent to the sending order control 
unit 3 with the information of the stored position of the 25 
packet on the buffer memory and the information of the 
control unit. 

[0087] When the packet is read out from the buffer 
memory 1 , if there are no packets, which belong to the 
same control unit as the read packet, in the buffer mem- 30 
ory 1 , the read operation is completed without any proc- 
esses since there are no packets to be sent at the next 
order. 

[0088] On the other hand, if there are packets, which 
belong to the same control unit as the read packet, in 35 
the buffer memory 1 , the sending time of the next packet 
to be read (i.e., next packet) in the packets having the 
same control unit existing in the buffer memory 1 is cal- 
culated as follows. 

[0089] First, the parameters corresponding to the 40 
control unit are read out from the memory 21 . The send- 
ing time sT of the next packet can be obtained as the 
time when the counter value exceeds the packet length 
L of the arrived packet, and when the write operation of 
the next packet to the buffer memory 1 is completed. 45 
The above calculation can be expressed by the follow- 
ing formula. 

sT=Max[pT-(B-L)/R,T] 5Q 

[0090] Further, the time rT when the bucket counter 
value C at the sending time of the next packet returns 
to the upper limit value B, can be expressed by the fol- 
lowing formula. 55 

rT = Max(sT, bT) + LVR 



[0091] Further, time rT is stored as the recovery time 
bT of the upper limit value of the new present packet, 
and the sending time sT of the next packet calculated 
by the above formula is sent to the sending order control 
unit 3 with the information of the stored position of the 
packet on the buffer memory and the information of the 
control unit. 

[An embodiment (5) for calculation of the sending time] 

[0092] In the embodiment (5), the sending time sT is 
calculated at the time when the arrived packets are writ- 
ten into the buffer memory. This embodiment corre- 
sponds to the process that each parameter is normal- 
ized so as to set the increasing rate (an adding rate) R 
of the bucket counter value C to a value "1" in the em- 
bodiment (1). Accordingly, although the basic portions 
of this embodiment are the same as the embodiment 
(1 ), the following portions are different from the embod- 
iment (1), 

[0093] That is, the memory 21 stores the reciprocal 
1/R of the sending rate (limited flow) R for each control 
unit, a normalized value B'(= B/R) based on the sending 
rate R of the token packet size, the sending time pT of 
the pre-packet, and a normalized value pC'(= pC/R) 
based on the rate of the token bucket counter value pC 
at the sending time of the pre-packet. 
[0094] When the arrived packet is written into the buff- 
er memory 1, the control unit of the arrived packet is 
identified based on the header information of the arrived 
packet, the parameter corresponding to the control unit 
is read out from the memory 21 . Based on the parameter 
and the present time T, the sending time sT of the arrived 
packet can be calculated as the time when the counter 
value exceeds the normalized value L/R of the packet 
length L of the arrived packet, and when the write oper- 
ation of the arrived packet to the buffer memory is com- 
pleted, as shown by the following formula. 

sT = Max[pT+L/R-pC',T) 

[0095] Further, the bucket counter value C at the 
sending time sT of the packet can be obtained by the 
following formula. 

C' = Min(B\pC'+sT-pT)-LJR 

[0096] The calculated sending time sT and the bucket 
counter value C are stored, in the memory 21 , as the 
sending time pT at the pre-packet and the bucket coun- 
ter value pC at the sending time of the pre-packet, Fur- 
ther, the sending time sT is sent to the sending order 
control unit 3 with the position information of the packet 
on the buffer memory and the information of the control 
unit, 

[0097] In this case, a method for calculating the send- 
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ing time based on the above normalization in the em- 
bodiment (5) can be applied to the calculation of the 
sending time in the embodiments (1) to (4). 
[0098] Next, a method for managing the sending or- 
der of the packet in the sending order control unit 3, 5 
which is performed in order to read the packets in order 
of the sending time, will be explained in detail below. 
Various methods are explained in order below. 

(An embodiment (a) for managing the sending order) 10 

[0099] As mentioned above, Fig. 1 4 is a detailed block 
diagram of the sending order control unit 3 in the packet 
flow control apparatus according to the present inven- 
tion; Fig. 15 is view for explaining registration of pointer is 
link information and additional processes in a pointer 
link memory 33 in the sending order control unit 3 in the 
embodiment (a); Fig. 16 is view for explaining registra- 
tion of pointer link information and cancellation process- 
es in the pointer link memory 33 in the sending order 20 
control unit 3 in the embodiment (a); Fig. 17 is a flow- 
chart for explaining registration processes of the packet 
information including the sending time information from 
the sending time calculating unit 2 to the pointer link 
memory 33, as the pointer link information; and Fig. 18 25 
is a flowchart for explaining read processes of the point- 
er link information read from the pointer link memory 33. 
[0100] As shown in Fig. 14, the sending order control 
unit 3 includes a pointer link control unit 31 , a head ad- 
dress register 32 and the pointer link memory 33. The 30 
pointer link memory 33 stores the information of the con- 
trol unit, and the information of the pointer link informa- 
tion including the sending time corresponding to the 
control unit, the address of the packet to be sent at the 
next time and the additional information. Further, in the 35 
pointer link memory 33, it may be possible to utilize the 
information of the packet or the information of the read 
control in the buffer memory as the address information. 
Further, it may be possible to manage dynamically va- 
cant areas of the memory and to assign the vacant areas 40 
with the information sent from the sending time calcu- 
lating unit 2. 

[0101] Asshown in Fig. 15, on the pointer link memory 
33, the pointer link information, which consist of the 
packet information existing in the buffer memory 1 and 45 
the information of the control unit belonging to the pack- 
et, are previously sorted in the form of pointer link based 
on the order of the sending time. Further, the head ad- 
dress register 32 stores a pointer that indicates the ad- 
dress of thepointer link information of the smallestsend- 50 
ing time. 

[0102] When the sending time sT sent from the send- 
ing time calculating unit 2 is transmitted as the packet 
information, the pointer link information in the pointer 
link memory 33 is added to the packet information, and 55 
the pointer link is updated in accordance with the steps 
shown in Fig. 15. 

[0103] The pointer of the head address register 32 se- 



quentially traces the pointer link information of the next 
address, in order, from the pointer link information at the 
smallest sending time. The sending time written in the 
pointer link information is compared with the packet 
sending time sT received from the sending time calcu- 
lating unit 2 (steps F2 to F4 in Fig. 1 7). When the former 
is larger than the latter (step F3), the packet information 
at the sending time sent from the sending time calculat- 
ing unit 2 is stored in the pointer link memory 33 as the 
pointer link information. Further, the pointers, after that 
pointer link information, are replaced with the next ad- 
dress in such a manner that other pointer link informa- 
tion are sorted in order of the time (step F5). 
[0104] Further, when reading out the pointer link in- 
formation, the pointer link information of the smallest 
sending time indicating the address of the pointer of the 
head address register 32 is read out from the pointer 
link memory 33 (step G1), and the sending time of the 
pointer link information is compared with the present 
time T of the clock 4 (step G2). When the sending time 
is equal to, or larger than the present time T, the read 
instruction (including the control unit information) forthe 
packet corresponding to the pointer link information is 
sent to the buffer memory 1 (step G3), the correspond- 
ing packet is read out from the buffer memory 1 , and the 
pointer of the head address register 32 is updated to the 
pointer value indicating the address of the pointer link 
information to be read next from the pointer link memory 
33 (step G4). 

[0105] Further, in the pointer link memory 33, the 
pointer link information are deleted in the pointer link 
memory 33, and the linked state is updated in accord- 
ance with the steps shown in Fig. 16. 

(An embodiment (b) for managing the sending order) 

[0106] Next, the management of the sending order in 
the sending order control unit 2 is explained in detail be- 
low. 

[01 07] In the above embodiment (a) for managing the 
sending order, the sending time of the new packet is cal- 
culated in the sending time calculating unit 2, and is sent 
to the sending order control unit 3. Further, the pointer 
link information is read out from the sending order con- 
trol unit 3, and when the read instruction of the packet 
is sent to the buffer memory 1 , the pointer link informa- 
tion in the pointer link memory 33 of the sending order 
control unit 3 are added or deleted so that the state of 
the pointer link is changed. In this case, it is necessary 
to update collectively the contents of the pointer link in- 
formation that are provided after the pointer link infor- 
mation newly added or deleted. In these processes, 
however, when there is much pointer link information af- 
ter adding or deleting pointer link information, a working 
amount is considerably increased. Accordingly, the em- 
bodiment (b) is provided in order to resolve the above 
problems. 

[0108] Figure 19 is a view for explaining the state of 
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link of the pointer link information in the pointer link 
memory 33 in the embodiment (b). As shown in the 
drawing, the head address register 32 is formed in order 
to manage three pointers. In this case, a first pointer is 
assigned for the sending time sT of 0 to 9, a second 5 
pointer is assigned for the sending time sT of 10 to 19, 
and a third pointer is assigned for the sending time sT 
of 20 to 29, as trains of the pointer link information. Fur- 
ther, each of these pointer link information corresponds 
to the address of the pointer link information at the head. 10 
The head address register 32 manages the address of 
the head pointer link information in the three trains of 
the pointer link information in the pointer link memory 
33 for each unit time (for example, 1 milli-sec), and up- 
dates the content. *5 
[0109] As well as the embodiment (a), the three trains 
of the pointer link information in the pointer link memory 
33 are previously sorted in the form of the pointer link 
based on the order of the sending time, in connection 
with the packet information (the packet information or 20 
the control unit information belonging to the above pack- 
ets) existing in the buffer memory 1 , based on the head 
pointer link information indicating the address of each 
pointer in the head address register 32. 
[01 1 0] The three trains of the pointer link information 25 
in the pointer link memory 33 are changed in such a 
manner that, first, the pointer link information are read 
out sequentially from the first train of the pointer link in- 
formation having early sending time and, when all point- 
er link information are read out from the first train, the 30 
pointer link information are read out sequentially from 
the second train of the pointer link information having 
the next earliest sending time. Further, the train of the 
pointer link information, in which all pointer link informa- 
tion are read out, is used as the train of the pointer link 35 
information for sorting the latest pointer link information 
of the sending time. As mentioned above, three trains 
of the pointer link information are sequentially changed 
in order to perform addition or deletion of the pointer link 
information. 40 
[01 1 1 ] Based on the above structure, even if there are 
addition or deletion of the pointer link information for the 
pointer link memory 33, only the pointer link information 
in the train of the pointer link information is sorted in the 
range of the train of the pointer link information belong- 45 
ing to the pointer link information to be added or deleted, 
so that it is possible to reduce the working amount in the 
update processes of the contents. 

(An embodiment (c) for managing the sending order) so 

[0112] The embodiment (c) is provided for improving 
the embodiment (b), That is, in the embodiment (b), in 
order to register the pointer link information having the 
latest sending time into the train of the pointer link infor- 55 
mation, it is necessary to previously prepare the trains 
of the pointer link information from the earliest sending 
time until the latest sending time. Accordingly, in order 



to resolve the above problem, it is necessary to either 
increase the number of the train of the pointer link infor- 
mation, or increase the number of the pointer link infor- 
mation per one train. In this case, however, the use ef- 
ficiency of the pointer link memory 33 is not economical. 
The embodiment (c) is provided for resolving the above 
problem of the embodiment (b). 
[0113] Figure 20 is a view for explaining the state of 
the link of the pointer link information in the pointer link 
memory 33. As shown in the drawing, the head address 
register 32 is formed so as to manage the pointer of each 
head pointer link information in the trains in which the 
sending time is 0 to 9, 1 0 to 1 9, 20 to 29, ... , 990 to 999. 
Further, a re-searching head address register is provid- 
ed in addition to the head address register 32, and is 
formed so as to manage the pointers of the head pointer 
link information of the trains sorted by the sending time 
having the pointer link information of 1 000 or more. That 
is, in the head address register 32, pointers (addresses) 
are prepared only from the present time until a certain 
time (in this example, sT = 999). The pointers, after a 
certain time and which cannot be supported by the head 
address register 32, are managed by the re-searching 
head address register as the re-searching pointer. 
[01 1 4] In the sending time calculating unit 2, when the 
packet information including the sending time is sent, 
and when the sending time information lies in each ad- 
dress range (each section of pointer divided based on 
the sending time) which is managed by the head ad- 
dress register 32, the embodiment (c) is operated in the 
same manner as the embodiment (b). On the other 
hand, when the sending time information does not exist 
in the above address range, the pointer link information 
of the packet information including the sending time is 
added to the re-searching pointer link information indi- 
cated by the re-searching pointer of the re-searching 
head address register, so as to form the pointer link. In 
this case, the added pointer link information may be sort- 
ed in order of the time, or may be simply added to a 
vacant area without sorting in order of the time. 
[01 1 5] Further, the contents of the trains of the pointer 
link information, which are formed by the re-searching 
pointer indicated by the re-searching head address reg- 
ister, are read out for every constant time. When the 
sending time included in the address range of the head 
address register 32 is searched, the contents of the 
trains are sorted for the trains of the pointer link infor- 
mation belonging to the address, in accordance with the 
same steps as the packet information from the sending 
time calculating unit 2, and added to the pointer link. 
[0116] Further, the re-searching pointer may be 
formed by a memory. In this case, the read operation 
from the memory may be performed for every constant 
time (for example, 1 milli-sec) from the contents of the 
memory having the smallest time with the contents of 
the pointer link memory 33. 

[0117] The control at the read operation of the packet 
is omitted since it is the same as the embodiment (b). 
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(An embodiment (d) for managing the sending order) 

[0118] Figure 21 is a view for explaining the state of 
the link of the pointer link information in the pointer link 
memory 33 in the embodiment (d). 
[0119] As shown in the drawing, in the embodiment 
(d), the contents described in the embodiments (a) to 
(c) are added to the pointer link information linked to the 
pointer link memory 33, and priority information are 
stored as the additional information. The priority infor- 
mation are formed of "high" and "low". In this case, the 
packet of the priority "high" is preferentially read out and 
sent rather than the priority "low" when the "low" lies in 
a time zone (i.e., the sending time has a predetermined 
time zone) of the same sending time. 
[0120] When the information are sent from the send- 
ing time calculating unit 2, with the contents in the em- 
bodiments (a) to (c), the priority information described 
in the packet header, or the priority information sup- 
posed by the contents of the header, or the priority in- 
formation for each control unit of the sending, is sent 
from the sending time calculating unit 2. Further, when 
the packet is sorted in order of the sending time, and 
when the same packet in the time zone was already 
stored in the pointer link memory 33 as the pointer link 
information, the pointer link information of the packet 
having the priority "high" is sorted so as to be positioned 
prior to the pointer link information of the packet having 
the priority "low", in accordance with the priority infor- 
mation. 

[0121] The detailed explanations of the following op- 
eration in the embodiment (d) are omitted since they are 
the same operations as the embodiments (a) to (c). 

(An embodiment (e) for managing the sending order) 

[0122] Figure 22 is a view for explaining the state of 
the link of the pointer link information in the pointer link 
memory 33 in the embodiment (e). As shown in the 
drawing, in the embodiment (e), the contents described 
in the embodiments (a) to (c) are added to the pointer 
link information linked to the pointer link memory 33, and 
the packet length is stored as the additional information. 
[0123] When the information are sent from the send- 
ing time calculating unit 2, the information of the packet 
length are sent therefrom with the contents in the em- 
bodiments (a) to (c). Further, when the packet is sorted 
in order of the sending time, and when the same packet 
in the time zone was already stored in the pointer link 
memory 33, the packet having short packet length is set 
to the priority "high", and the pointer link information of 
the packet having the priority "high" is sorted so as to 
be positioned prior to the pointer link information of the 
packet having the priority "low", in accordance with the 
information of the packet length. 
[0124] Briefly, the present invention has various ef- 
fects as explained below. 

[0125] First, it is not necessary to provide the token 



bucket counter for each control unit of the packet, and 
only memory is provided for storing parameters for each 
control unit. 

[0126] Further, as the parameters used in the calcu- 

5 lation of the sending time, as explained in the embodi- 
ments (1) and (4) for calculation of the sending time, 
when the recovery time is stored in the memory, it is pos- 
sible to reduce the number of parameters to be stored 
in the memory, so that it is possible to reduce the mem- 

10 ory capacity. 

[0127] Still further, as explained in the embodiments 
(3) and (4) for calculation of the sending time, when the 
system is structured in such a manner that calculation 
of the sending time of the packet is performed at the 

is time when the packet is read out from the buffer memory, 
it is not necessary to hold the sending time of the packet 
of the buffer memory in the sending order control unit. 
Accordingly, it is sufficient to store only next sending 
time for each control unit, so that it is possible to treat 

20 dynamically the change of the range. 

[01 28] Still further, as explained in the embodiment (5) 
for calculation of the sending time, when each parame- 
ter is normalized in such a manner that the addition rate 
of the counter becomes T\ it is possible to simplify a 

25 calculation circuit of the sending time. 

[01 29] Still further, as explained in the embodiment (a) 
for management of the sending order, it is possible to 
easily realize contention control by managing the send- 
ing order in the form of the pointer link. 

30 [01 30] Still further, as explained in the embodiment (b) 
for management of the sending order, it is possible to 
reduce times of comparing steps used for sorting by 
sorting and managing the sending order in a plurality of 
time zones. 

35 [01 31] Still further, as explained in the embodiment (c) 
for management of the sending order, when the system 
is structured in such a manner that the packets having 
the sending time larger than a predetermined value are 
temporarily stored separately from the memory for sort- 

40 jng, so that it is possible to reduce the memory capacity. 
[01 32] Still further, as explained in the embodiment (d) 
for management of the sending order, it is possible to 
weaken the influence of contention for the packet re- 
quired for high-quality by structuring the system so as 

45 to provide the priority order to the link information of the 
packet to be sorted. 

[0133] Still further, as explained in the embodiment (e) 
for management of the sending order, it is possible to 
weaken the fluctuation of delay at the contention, by 
so structuring the system so as to attach the packet length 
information to the link information of the packet to be 
stored, and to preferentially handle the short packet 
length. 

55 

Claims 

1. A packet flow control apparatus performing flow 
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control of packets each having variable length, 
comprising: 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each s 
packet; 

a counter means updated based on a rate de- 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 10 
a sending time determining means for deter- 
mining the sending time of each packet based 
on the counter value and a present time; and 
a sending order control means for managing a 
sending order of each packet accumulated in *5 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 20 
includes a memory means storing parameters 
which can determine a state of change of the 
counter value of the counter means for each 
control unit to independently control packet 
flow; when an input packet is written into the 25 
buffer memory, the sending time determining 
means obtains the sending time of the input 
packet based on the parameter having the 
same control unit as the input packet read out 
from the memory means; and the sending time 30 
determining means updates the parameters 
having the same control unit in the memory 
means based on a newly obtained sending time 
of the input packet, and transfers the newly ob- 
tained sending time of the input packet to the 35 
sending order control means. 

2. A packet flow control apparatus performing flow 
control of packets each having variable length com- 
prising: 40 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each 
packet; 

a counter means updated based on a rate de- 45 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 
a sending time determining means for deter- 
mining the sending time of each packet based so 
on the counter value and a present time; and 
a sending order control means for managing a 
sending order of each packet accumulated in 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 55 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 



includes a memory means storing parameters 
for each control unit to independently control 
the packet flow, which include a sending time 
of a pre-packet belonging to the control unit and 
a counter value at the sending time; when an 
input packet is written into the buffer memory, 
the sending time determining means obtains 
the sending time of the input packet and the 
counter value at the sending time, based on the 
parameters having the same control unit as the 
input packet read out from the memory means; 
and the sending time determining means up- 
dates the parameters having the same control 
unit in the memory means based on a newly 
obtained sending time of the input packet and 
the counter value at the sending time, and 
transfers the newly obtained sending time of 
the input packet to the sending order control 
means. 

3. A packet flow control apparatus performing flow 
control of packets each having variable length, 
comprising: 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each 
packet; 

a counter means updated based on a rate de- 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 
a sending time determining means for deter- 
mining the sending time of each packet based 
on the counter value and a present time; and 
a sending order control means for managing a 
sending order of each packet accumulated in 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 
includes a memory means storing parameters 
for each control unit to independently control 
the packet flow, which include a recovery time 
to return the counter value at the sending time 
of a pre-packet belonging to the control unit, to 
a limit value; when an input packet is written 
into the buffer memory, the sending time deter- 
mining means obtains the sending time of the 
input packet and the recovery time to return the 
counter value at the sending time to the limit 
value, based on the parameters read out from 
the memory means; and the sending time de- 
termining means updates the parameters hav- 
ing the same control unit in the memory means 
based on a newly obtained recovery time of the 
input packet, and transfers the newly obtained 
recovery time of the input packet to the sending 
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order control means. 

4. A packet flow control apparatus performing flow 
control of packets each having variable length, 
comprising: 5 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each 
packet; 

a counter means updated based on a rate de- 10 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 
a sending time determining means for deter- 
mining the sending time of each packet based 15 
on the counter value and a present time; and 
a sending order control means for managing a 
sending order of each packet accumulated in 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 20 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 
includes a memory means storing parameters 
which can determine a state of change of the 25 
counter value of the counter means for each 
control unit to independently control packet 
flow; when a packet to be sent is read out from 
the buffer memory, the sending time determin- 
ing means obtains the sending time of a next 30 
packet to be sent after next time within packets 
belonging to the control unit of the sending 
packets in the buffer memory, based on the pa- 
rameter having the same control unit as the 
sending packet read out from the memory 35 
means; and the sending time determining 
means updates the parameters having the 
same control unit in the memory means based 
on a newly obtained sending time of a next 
packet, and transfers the newly obtained send- 40 
ing time of the next packet to the sending order 
control means. 

5. A packet flow control apparatus performing flow 
control of packets each having variable length, 45 
comprising: 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each 
packet; 50 
a counter means updated based on a rate de- 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 
a sending time determining means for deter- 55 
mining the sending time of each packet based 
on the counter value and a present time; and 
a sending order control means for managing a 



sending order of each packet accumulated in 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 
includes a memory means storing parameters 
for each control unit to independently control 
the packet flow, which include a sending time 
of a packet belonging to the control unit and a 
counter value at the sending time; when a pack- 
et to be sent is read out from the buffer memory, 
the sending time determining means obtains 
the sending time of a next packet to be sent af- 
ter next time within packets belonging to the 
control unit of the sending packets in the buffer 
memory and a counter value at the sending 
time, based on the parameter having the same 
control unit as the sending packet read out from 
the memory means; and the sending time de- 
termining means updates the parameters hav- 
ing the same control unit in the memory means 
based on a newly obtained sending time of a 
next packet and the counter value at the send- 
ing time, and transfers the newly obtained 
sending time of the next packet to the sending 
order control means. 

6. A packet flow control apparatus performing flow 
control of packets each having variable length, 
comprising: 

a buffer memory for temporarily accumulating 
arrived packets until a sending time for each 
packet; 

a counter means updated based on a rate de- 
termined in accordance with a packet length 
calculated by a counter value of the counter 
means and limited flow of packets; 
a sending time determining means for deter- 
mining the sending time of each packet based 
on the counter value and a present time; and 
a sending order control means for managing a 
sending order of each packet accumulated in 
the buffer memory, and for sending a read in- 
struction of each packet to the buffer memory, 
based on the sending time determined by the 
sending time determining means; 
wherein the sending time determining means 
includes a memory means storing parameters 
for each control unit to independently control 
the packet flow, which include a recovery time 
to return the counter value at the sending time 
of a packet belonging to the control unit to a 
limit value; when a packet to be sent is read out 
from the buffer memory, the sending time de- 
termining means obtains the sending time of a 
next packet to be sent after next time within 
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packets belonging to the control unit of the 
sending packets in the buffer memory and the 
recovery time to return a limit value to a counter 
value at the sending time, based on the param- 
eter having the same control unit as the sending 5 
packet read out from the memory means; and 
the sending time determining means updates 
the parameters having the same control unit in 
the memory means based on a newly obtained 
recovery time of a next packet, and transfers 10 
the newly obtained recovery time of the next 
packet to the sending order control means. 

7. A packet flow control apparatus performing flow 
control of packets each having variable length, as '5 
claimed in claim 4, wherein, when there are no 
packets belonging to the control unit in the buffer 
memory for the control unit of the input packets, the 
sending time determining means determines the 
sending time of the input packet when the input 20 
packet is written into the buffer memory, and trans- 
fers the sending time to the sending order control 
means, and updates the parameters in the memory 
means based on the sending time. 

25 

8. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in claim 5, wherein, when there are no 
packets belonging to the control unit in the buffer 
memory for the control unit of the input packets, the 30 
sending time determining means determines the 
sending time of the input packet when the input 
packet is written into the buffer memory, and trans- 
fers the sending time to the sending order control 
means, and updates the parameters in the memory 35 
means based on the sending time. 

9. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in claim 6, wherein, when there are no 40 
packets belonging to the control unit in the buffer 
memory for the control unit of the input packets, the 
sending time determining means determines the 
sending time of the input packet when the input 
packet is written into the buffer memory, and trans- 45 
fers the sending time to the sending order control 
means, and updates the parameters in the memory 
means based on the sending time. 

10. A packet flow control apparatus performing flow so 
control of packets each having variable length, as 
claimed in any one of claims 1 to 9, wherein the pa- 
rameters in the memory means are normalized 
based on a limited flow value, so as to set an update 
rate of the counter means to "1 ". 55 

11. A packet flow control apparatus performing flow 
control of packets each having variable length, as 



claimed in any one of claims 1 to 9, wherein the 
sending order control means previously sorts the 
sending order of the packets accumulated in the 
buffer memory, based on the sending time informa- 
tion of the packets received from the sending time 
determining means, into a sorting memory, and per- 
forms the read instruction to the buffer memory by 
searching the packets to be sent at the next time. 

12. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in any one of claims 1 to 9, wherein the 
sending order control means previously sorts the 
sending order of the packets accumulated in the 
buffer memory by dividing a plurality of time zones, 
based on the sending time information of the pack- 
ets received from the sending time determining 
means for each divided time zone, into the sorting 
memory, and performs the read instruction to the 
buffer memory by searching the packets to be sent 
at the next time. 

13. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in any one of claims 1 to 9, wherein, when 
the sending time determined by the sending order 
determining means is large, the sending order con- 
trol means temporarily stores the sending time to 
another memory different from the sorting memory, 
and sorts the sending time into the sorting memory 
before the sending time. 

14. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in any one of claims 1 to 9, wherein a pri- 
ority order of each packet is added to each sorted 
information accumulated in the sorting memory of 
the sending order control means, and, when there 
are a plurality of packets to be sent at the same 
sending time zone, the packet having a high priority 
order is preferentially sent from the sorting memory. 

15. A packet flow control apparatus performing flow 
control of packets each having variable length, as 
claimed in any one of claims 1 to 9, wherein a packet 
length of each packet is added to each sorted infor- 
mation accumulated in the sorting memory of the 
sending order control means, and, when there are 
a plurality of packets to be sent at the same sending 
time zone, the packet having a shorter packet 
length is preferentially sent from the sorting memo- 
ry- 

16. A packet flow control apparatus performing flow 
control of packets each having variable length, 
comprising: 

a calculating means for calculating a sending 
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timing of an input packet, using a counting 
means updated based on the information of the 
packet length of the input packet and the infor- 
mation of a limited flow set to the input packet; 
and 5 
a sending means for sending the packet at the 
present time when the calculated sending tim- 
ing is before the present time, and for sending 
the packet at the above sending timing when 
the calculated sending timing is after the 10 
present time. 

17. A method for controlling packet flow of packets each 
having variable length, the steps comprising: 

15 

a first step for calculating a sending timing of 
an input packet, using a counting means updat- 
ed based on the information of the packet 
length of the input packet and the information 
of a limited flow set to the input packet; and 20 
a second step for sending the packet at the 
present time when the calculated sending tim- 
ing is before the present time, and for sending 
the packet at the above sending timing when 
the calculated sending timing is after the 25 
present time. 
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